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A solid-state imaging device includes a plurality of pairs of a
first photoelectric conversion element and a second photo-
clectric conversion element which have different spectral sen-
sitivity characteristics. A wavelength range where the first
photoelectric conversion element of each pair mainly has a
spectral sensitivity and a wavelength range where the second
photoelectric conversion element of each pair mainly has a
spectral sensitivity respectively fall within a wavelength
ranges of specific colors of visible light. The plurality of pairs
include a plurality of types of pairs having different specific
colors of visible light. The half width 1n the spectral sensitiv-
ity characteristic of the first photoelectric conversion element
of the each pair 1s wider than a half width in the spectral
sensitivity characteristic of the second photoelectric conver-
sion element of the each corresponding pair.
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SOLID-STATE IMAGING DEVICE AND
IMAGING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT/JP2011/059432
filed on Apr. 15, 2011, which claims priority under U.S.C.
119(a) to Patent Application No. 2010-097368 filed 1n Japan

on Apr. 20, 2010, all of which are hereby expressly imncorpo-
rated by reference 1nto the present application.

TECHNICAL FIELD

The present invention relates to a solid-state 1maging
device and an 1maging apparatus.

BACKGROUND ART

Various arrays for a color filter array mounted on a solid-
state 1maging device have been proposed and used. For
example, 1n an 1maging apparatus described 1n Patent Docu-
ment 1 indicated below, a color filter array called a Bayer
array 1s used. In the Bayer array, color filters of any one of
three primary colors of R (red), G (green) and B (blue) are
arranged 1n a mosaic pattern. In the Bayer array, for example,
a red pixel mounted with a red color filter cannot detect the
green and blue signals. Therefore, a signal of a pixel mounted
with a green color filter or a blue color filter and arranged
around the red pixel 1s interpolated to acquire a green signal or
a blue signal for the red pixel location.

In a solid-state imaging device described 1n Patent Docu-
ment 2 indicated below, two pixels adjacent to each otherin a
slanted direction are grouped as a pair and color filters of any
one of RGB are arranged 1n a unit of the paired pixels 1n a
mosaic pattern. Therefore, for example, each pixel of the pair
mounted with a green color filter 1s mounted with a G1 color
filter or a G2 color filter.

Inthe relationship between the G1 and the G2, for example,
the G1 and G2 are selected so that when the G1 and G2 are
added, the G color 1s produced. A color filter of G color 1s
manufactured to have a bell-shaped spectral characteristic
having a width of about 100 nm in each of the forward and
rearward directions for a center wavelength of 5340 nm. On the
other hand, for example, the G1 and G2 separate the bell-
shaped spectral characteristic, such that the G1 color filter
detects a color with a wavelength o1 440 nm to 540 nm and G2

color filter detects a color with a wavelength of 540 nm to 640
nm. Similarly, for R color or B color, paired pixels are
mounted with R1 and R2 color filters and B1 and B2 color
filters, respectively.

In this manner, colors to be separated by color filters are
more finely separated than three colors of RGB, such that the
color reproducibility of the subject image can be improved.

In an 1maging apparatus described in Patent document 3
indicated below, the respective pixels are divided into a large
area part and a small area part. Furthermore, for example, 1n
a pixel mounted with a green (G) filter, a filter thickness
laminated on the small area part 1s thicker than that of the
large area part or a thickness of n region constituting a pho-
todiode 1s set to be thinner.

As aresult, an incident light within a predetermined wave-
length range substantially cannot be detected 1n the small area
part while the light within the predetermined wavelength
range can be detected 1n the large area part. By doing this, the
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2

imaging apparatus detects of whether there 1s light within the
predetermined wavelength range or not to determine a type of
light source.

PRIOR ART DOCUMENT
Patent Literature

JP-2006-135468 A
JP-2009-268078 A
JP-2004-289728 A

| Patent Document 1
| Patent Document 2
| Patent Document 3

SUMMARY OF THE INVENTION

Problems To Be Solved

In general, a conventional monitor device capable of dis-
playing a color image was a CRT type monitor device, but
recently, a liquid crystal display device has been widely popu-
larized as an LCD TV. As a result, a normal user has been
accustomed to a vivid color image of which the tone 1s dii-
ferent from a color image having a natural tone, and more
frequently feels that there 1s something missing in a color
image taken with a digital camera.

The color filter used 1n the conventional solid-state 1mag-
ing device described above 1s merely a filter designed to
color-reproduce an 1mage of the subject 1n a natural tone.
Therefore, 1t 1s unable to photograph the color image of the
subject as a vivid color image.

In the meantime, there may be a scene in which color image
of the subject 1s required to be photographed 1n a natural tone
and thus, what 1s highly required 1s an imaging apparatus
capable of photographing both of a color image with a vivid
tone and a color image with a natural tone.

An object of the present invention 1s to provide a solid-state
imaging device and an 1imaging apparatus capable of simul-
taneously 1imaging two types of color images with different
natural tones (color reproducibilities).

Means for Solving the Problems

A solid-state imaging device of the present invention 1s a
solid-state imaging device having a plurality of pairs of a first
photoelectric conversion element and a second photoelectric
conversion element each having a diflerent spectral sensitiv-
ity characteristic, wherein a wavelength range that first pho-
toelectric conversion element of each pair mainly has spectral
sensitivity and a wavelength range that second photoelectric
conversion element of each pair mainly has spectral sensitiv-
ity fall within the respective wavelength ranges of specific
colors of visible light, the plurality of pairs include a plurality
of types of pairs having different specific colors of visible
light, the half width 1n the spectral sensitivity characteristic of
the first photoelectric conversion element of the each pair 1s
wider than a half width that in the spectral sensitivity charac-
teristic of the second photoelectric conversion element of the
cach corresponding pair, the spectral sensitivity of the first
photoelectric conversion element of the each pair at each
wavelength that the first photoelectric conversion element of
cach pair mainly has spectral sensitivity 1s higher than the
spectral sensitivity at each corresponding wavelength of the
second photoelectric conversion element of the each corre-
sponding pair, and (the haltf width 1n the spectral sensitivity
characteristic of the first photoelectric conversion element of
the each pair/the peak sensitivity of the spectral sensitivity of
the first photoelectric conversion element of the each corre-
sponding pair) 1s higher than (the half width 1n the spectral




US 8,842,203 B2

3

sensitivity characteristic of the second photoelectric conver-
sion element of the each corresponding pair/the peak sensi-
tivity of the spectral sensitivity of the second photoelectric
conversion element of the each corresponding pair).

The imaging apparatus of the present invention includes a
solid-state 1imaging device.

Eftects of the Invention

According to the present invention, 1t 1s possible to provide
a solid-state 1maging device and an i1maging apparatus
capable of simultaneously obtaining two types of color image
of which the natural tones are different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a view illustrating a schematic configuration of an
imaging apparatus (digital camera) for describing an embodi-
ment of the present invention.

FI1G. 2 1s a plan view illustrating a schematic configuration
of the digital camera shown 1n FIG. 1.

FIG. 3 1s a view 1llustrating a spectral sensitivity charac-
teristic of a photoelectric conversion element 51W and a
photoelectric conversion element S1N 1n the solid-state imag-
ing device shown 1n FIG. 2.

FI1G. 4 1s a view 1llustrating another example of the spectral
sensitivity characteristic of a photoelectric conversion ele-
ment 51W and a photoelectric conversion element 51N 1n the
solid-state 1imaging device shown 1n FIG. 2.

FIG. 5 1s a view 1llustrating a configuration example when
the solid-state 1maging device shown in FIG. 2 1s modified
into a MOS type solid-state imaging device.

FIG. 6 1s a modified example of an array of the photoelec-
tric conversion elements of the solid-state 1maging device
shown 1n FIG. 2.

FIG. 7 1s another modified example of an arrangement of
the photoelectric conversion elements of the solid-state imag-
ing device shown 1n FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

Hereinaiter, embodiments of the present invention will be
described with reference to the drawings.

FI1G. 1 illustrates a schematic configuration of an imaging
apparatus to describe an embodiment of the present invention.
Examples of the imaging apparatus include imaging appara-
tuses such as digital cameras and digital televisions, imaging,
modules mounted on electronic endoscopes and a camera
built-in mobile phone, and so on. Here, the digital camera will
be described by way of an example.

An 1maging system of the illustrated digital camera
includes a photographing lens 1, a CCD type solid-state imag-
ing device 5, and a diaphragm 2, an infrared cut filter 3, and an
optical low pass filter 4 that are 1nstalled between the photo-
graphing lens 1 and the solid-state imaging device 5.

A system control unit 11 comprehensively managing and
controlling an entire electrical control system of the digital
camera controls a flash light-emitting unit 12. Further, the
system control unit 11 controls a lens driving unit 8 to adjust
a position of the photographing lens 1 to a focus position or to
perform zoom adjustment. In addition, the system control
unit 11 controls an aperture size of the diaphragm 2 via a
diaphragm driving umit 9 to adjust an amount of light.

Further, the system control unit 11 drives the solid-state
imaging device 3 via an imaging device driving unit 10, and
outputs an 1image of a subject imaged through the photograph-
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4

ing lens 1 as an imaging signal. An instruction signal 1s input
into the system control unit 11 from a user via an operation
unit 14.

The electrical control system of the digital camera turther
includes an analog signal processing unit 6 that 1s connected
to an output of the solid-state imaging device 5 and performs
analog signal processing such as correlated double sampling
processing, and an analog/digital (A/D) conversion circuit 7
that converts RGB color signals output {from the analog signal
processing unit 6 into digital signals. The analog signal pro-
cessing unit 6 and the A/D conversion circuit 7 are controlled
by the system control unit 11.

Furthermore, the electrical control system of the digital
camera includes: a main memory 16; a memory control unit
15 connected to the main memory 16; a digital signal pro-
cessing unit 17 that performs an interpolation operation, a
gamma correction operation, and an RGB/YC conversion
processing to generate 1image data; a compression/decom-
pression processing unit 18 that compresses the 1image data
generated by the digital signal processing unit 17 1n Joint
Photographic Experts Group (JPEG) format and decompress-
ing the compressed image data; a face detecting unit 19 that
detects a face from the image data obtained by imaging the
face with the solid-state imaging device 5 by a face recogni-
tion processing; an external memory control unit 20 to which
a detachable recording medium 21 1s connected; and a display
control umt 22 to which a liquid crystal display unit 23
mounted on, for instance, the rear side of the camera 1s con-
nected. The memory control unit 15, the digital signal pro-
cessing unit 17, the compression/decompression processing
unit 18, the face detecting umit 19, the external memory con-
trol unit 20, and the display control unit 22 are mutually
connected by a control bus 24 and a data bus 23, and are
controlled by commands from the system control unit 11.

FIG. 2 1s a plan view 1llustrating a schematic configuration
of the solid-state 1maging device 5 1n the digital camera
shown 1n FIG. 1.

As 1llustrated i FIG. 2, the solid-state imaging device 5
includes a first group made up of a plurality of photoelectric
conversion elements S1W, a second group made up of a
plurality of photoelectric conversion elements S1IN, and a
plurality of vertical charge transfer units 54, a horizontal
charge transier unit 52, and an output unit 53.

All the photoelectric conversion elements included 1n the
solid-state 1maging device 5 are disposed 1n a two-dimen-
sional shape 1 a column direction Y of a semiconductor
substrate surface and 1n a row direction X intersecting the
column direction (crossing at right angles 1n an example of
FIG. 2). All the photoelectric conversion elements have first
photoelectric conversion element columns made up of the
plurality of photoelectric conversion elements 31W arranged
in parallel 1n the column direction Y, and second photoelectric
conversion element columns made up of the plurality of pho-
toelectric conversion elements 31N arranged 1n parallel in the
column direction Y. Thus, the first photoelectric conversion
clement columns and the second photoelectric conversion
clement columns are arranged 1n parallel at a constant pitch in
the row direction X. Furthermore, the first photoelectric con-
version element columns are disposed to be shifted backward
relative to the second photoelectric conversion element col-
umns 1n the column directionY by V2 of the array pitch of the
photoelectric conversion elements of each photoelectric con-
version element line 1n the column direction Y.

In this way, the photoelectric conversion elements 51N are
disposed adjacent to the respective photoelectric conversion
clements 51W 1n the same positional relationship (the same
direction) with respect to the respective photoelectric conver-
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s1on elements 51W. Thus, a pair 1s formed by each photoelec-
tric conversion element 51W and the photoelectric conver-
sion element 31N adjoining each photoelectric conversion
clement 51W 1n the same positional relationship.

All the photoelectric conversion elements included 1n the
solid-state 1maging device 5 have approximately the same
configuration (the same design value). The term “approxi-
mately the same configuration” refers that photoelectric con-
version regions (photodiodes) formed within a semiconduc-
tor substrate have approximately the same size, and that light-
shielding films formed above the photoelectric conversion
regions have approximately the same opening size.

In the solid-state imaging device 5, the photoelectric con-
version element S1W and the photoelectric conversion ele-
ment SIN constituting a pair meet the following conditions.

(1) The photoelectric conversion elements S1W and 51N
have spectral sensitivity characteristics which are different
from each other.

(2) A wavelength range where the photoelectric conversion
clement 531W mainly has a spectral sensitivity and a wave-
length range where the photoelectric conversion element 51N
mainly has spectral sensitivity (e.g., a half width 1n the spec-
tral sensitivity characteristic of the photoelectric conversion
clements 51N) fall within wavelength ranges of light of a
specific color i visible light.

(3) The half width 1n the spectral sensitivity characteristic
ol the photoelectric conversion element 51N 1s narrower than

that 1n the spectral sensitivity characteristic of the photoelec-
tric conversion element S1W.

(4) A value of the spectral sensitivity at each wavelength of
the wavelength range where the photoelectric conversion ele-
ments 51 W mainly has the spectral sensitivity 1s greater than
that at each corresponding wavelength of the photoelectric
conversion elements 51N.

(5) A ratio of a peak value of the spectral sensitivity of the
photoelectric conversion elements 51W to the half width in
the spectral sensitivity characteristic of the photoelectric con-
version elements S1W (half width/peak value) 1s greater than
a ratio of a peak value of the spectral sensitivity of the pho-
toelectric conversion elements 51N to the half width 1n the
spectral sensitivity characteristic of the photoelectric conver-
sion elements SIN (half width/peak value).

That 1s, 1n the photoelectric conversion elements S1W and
51N, there are characteristics 1n that a ratio of the halt width
ol the photoelectric conversion element 51N to the haltf width
ol the photoelectric conversion element 51W (half width of
the photoelectric conversion element 51 W/half width of the
photoelectric conversion element S1N) 1s greater than a ratio
of peak sensitivity of photoelectric conversion element 51N
to the peak sensitivity of the photoelectric conversion element
51W (peak sensitivity of photoelectric conversion element
51W/peak sensitivity of photoelectric conversion element
51N), and 1n that a decreasing rate of the sensitivity 1s smaller
than that of the half width 1s appeared.

Further, the wavelength range where the photoelectric con-
version elements mainly have the spectral sensitivity means
that most of signals output from these photoelectric conver-
s1on elements are signals corresponding to light of this wave-
length range, and indicates a range where signal components
corresponding to light other than this wavelength range
hardly exert an influence on colors of the signals output from
these photoelectric conversion elements. Hereinatter, the half
width 1n the spectral sensitivity characteristic of each photo-
clectric conversion element will be described as the wave-
length range where each photoelectric conversion element
mainly has the spectral sensitivity.
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Several methods may be proposed as dose for differentiat-
ing the spectral sensitivity characteristics at the photoelectric
conversion elements S1W and the photoelectric conversion
clements 51N which form pairs. This solid-state 1maging
device 5 employs a method of differentiating the spectral
sensitivity characteristics of the color filters 1nstalled above
these elements.

Color filters R1 transmitting red light, color filters G1
transmitting green light, and color filters B1 transmitting blue
light, which are disposed in a Bayer array as a whole, are
installed above the respective photoelectric conversion ele-

ments S1W.

In FIG. 2, the letter “R1” 1s given to the photoelectric
conversion elements 51W above which the color filters R1 are
installed. Further, the letter “G1” 1s given to the photoelectric
conversion elements 51W above which the color filters G1 are
installed. In addition, the letter “B1” 1s given to the photo-
electric conversion elements 5S1W above which the color fil-

ters B1 are installed.

Color filters R2 transmitting red light, color filters G2
transmitting green light, and color filters B2 transmitting blue
light, which are disposed in a Bayer array as a whole, are
installed above the respective photoelectric conversion ele-
ments S1N.

In FIG. 2, the letter “R2” 1s given to the photoelectric
conversion elements 51N above which the color filters R2 are
installed. Further, the letter “G2” 1s given to the photoelectric
conversion elements 51N above which the color filters G2 are
installed. In addition, the letter “B2” 1s given to the photo-
clectric conversion elements S1N above which the color {il-
ters B2 are installed.

In the following description, a color filter R1 and a color
filter R2 are also collectively called a red filter; a color filter
(1 and a color filter G2 are also collectively called a green
filter; and a color filter B1 and a color filter B2 are also
collectively called a blue filter.

In this way, the same color filters (the red filter, the green
filter, or the blue filter) are disposed above each of the pho-
toelectric conversion elements 51W and the photoelectric
conversion elements 51N that form pairs. Accordingly, three
types of pairs that are different in the color of the filter
installed on the upper side (R pairs having the red filter
thereabove, a G pair having the green filter thereabove, and a
B pair having the blue filter thereabove) are included 1n the
solid-state 1imaging device 5.

In addition, the specific color in the above condition (2) for
cach of the photoelectric conversion elements of the R pairs 1s
red. The specific color 1n the above condition (2) for each of
the photoelectric conversion elements of the G pair 1s green.
In the above condition (2) for each of the photoelectric con-
version elements of the B pairs, the specific color 1s blue.

In the respective photoelectric conversion elements of the
R pairs, the respective spectral sensitivity characteristics of
the color filters R1 and the color filters R2 are differentiated,
so that there 1s provided a difference in the spectral sensitivity
characteristic between the photoelectric conversion elements
51W and the photoelectric conversion elements S1N.

In each of the photoelectric conversion elements of the G
pairs, the respective spectral sensitivity characteristics of the
color filters G1 and the color filters G2 are differentiated, so
that a difference in the spectral sensitivity characteristic 1s
provided to the photoelectric conversion elements 51W and
the photoelectric conversion elements 51N.

In the photoelectric conversion elements of the B pairs, the
spectral sensitivity characteristics of the color filters B1 and
the color filters B2 are differentiated, so that a difference 1n




US 8,842,203 B2

7

the spectral sensitivity characteristic 1s provided to the pho-
toelectric conversion elements 51W and the photoelectric
conversion elements S1N.

When the thicknesses of the color filters R1, R2, G1, G2,
B1 and B2 are different from each other, the irregularities may
be formed on a surface of the solid-state imaging device 3 and
the process of laminating microlens thereon becomes com-
plicated. Therefore, it 1s preferable to adopt the filters having
the same thickness as described above in order to easily
manufacture and reduce manufacturing cost.

Hereinafter, specific examples of the spectral sensitivity
characteristic of each of the photoelectric conversion ele-
ments ol the R pairs, the photoelectric conversion elements of
the G pairs, and the photoelectric conversion elements of the
B pairs will be described.

FIG. 3 1s a diagram showing the spectral sensitivity char-
acteristics of the photoelectric conversion element 51W and
the photoelectric conversion element 51N 1n the solid-state
imaging device 5 shown 1n FIG. 2.

In FIG. 3, the characteristics indicated by reference numer-
als R1(A), G1(A), B1(A) represent the spectral sensitivity
characteristic of each photoelectric conversion element S1W
on which the color filters R1, G1, B1 are installed, respec-
tively.

Further, the characteristics indicated by reference numer-
als R2(A), G2(A), and B2(A) represent the spectral sensitivity
characteristics of the photoelectric conversion element 51N
on which the color filters R2, G2, and B2 are installed, respec-
tively.

In addition, the light sensitivity characteristic 1llustrated in
FIG. 3 1s a light sensitivity characteristic when viewed the
solid-state imaging device 5 alone and 1s not a light sensitivity
characteristic when viewed the solid-state imaging device 3
with being mounted on the digital camera having an infrared
cut filter 3.

In the example illustrated 1 FIG. 3, a wavelength corre-
sponding to a peak sensitivity in the R1(A) 1s 605 nm and a
wavelength corresponding to a peak sensitivity in the R2(A) 1s
610 nm. Further, a wavelength corresponding to a peak sen-
sitivity 1n the G1(A) 1s 515 nm and a wavelength correspond-
ing to a peak sensitivity in the G2(A) 1s 540 nm. A wavelength
corresponding to a peak sensitivity in the B1(A) 1s 450 nm and
a wavelength corresponding to a peak sensitivity 1n the B2(A)
1s 450 nm.

In the example illustrated 1n FIG. 3, the spectral sensitivity
value 1n each wavelength of the wavelength range (half-value
width) where the R pairs of photoelectric conversion ele-
ments 531W mainly have the spectral sensitivity 1s greater than
that of each corresponding wavelength of the R pairs of pho-
toelectric conversion elements S1N.

Furthermore, the half width 1n the spectral sensitivity char-
acteristic R2(A) 1s narrower than that 1n the spectral sensitiv-
ity characteristic R1(A), and 1s located closer to the longer
wavelength side 1n inner side of the halt width in the spectral
sensitivity characteristics R1(A). That 1s, a central point of the
half width of the spectral sensitivity characteristic R2(A) 1s
located closer to_the shorter wavelength side than a central
point of the half width of the spectral sensitivity characteristic
R1(A).

Further, the half width 1in the spectral sensitivity character-
1stic R1(A) 1s contained 1n the red wavelength range.

Further, a ratio of the peak value to the half width of the
spectral sensitivity characteristic R1(A) 1s greater than a ratio
of the peak value to the half width of the spectral sensitivity
characteristic R2(A). Further, the locations of the shorter
wavelength sides of the feet of the mountain-shaped wave-
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forms 1n the spectral sensitivity characteristics R1(?) and
R2(A) are substantially matched with each other.
In addition, each half width 1n the spectral sensitivity char-

acteristics R1(A) and R2(A) 1s a value 1n the wavelength range
of 380 nm to 780 nm.

In the example shown 1n FIG. 3, the spectral sensitivity
value 1n each wavelength of the wavelength range (half-value
width) where the G pairs of photoelectric conversion ele-
ments 531W mainly have the spectral sensitivity becomes
greater than that of each corresponding wavelength of the G
pairs of photoelectric conversion elements S1N.

Further, the half width 1n the spectral sensitivity character-
istic G2(A) 1s narrower than the half width 1n the spectral
sensitivity characteristic G1(A), and 1s located closer to the
longer wavelength side 1n mner side of the half width 1n the
spectral sensitivity characteristics G1(A). That 1s, a central
point of the half width of the spectral sensitivity characteristic
G2(A) 1s located closer to the longer wavelength side than a

central point of the half width of the spectral sensitivity char-
acteristic G1(A).

Further, the half width 1n the spectral sensitivity character-
istic G1(A) falls within the wavelength range of green. Fur-
ther, a ratio of the peak value to the half width 1n the spectral
sensitivity characteristic G1(A) 1s greater than a ratio of the
peak value to the half width of the spectral sensitivity char-
acteristic G2(A). Further, the locations of the shorter wave-
length sides of the feet of the mountain-shaped waveforms 1n
the spectral sensitivity characteristic G1(A) and G2(A) are
substantially matched with each other.

In the example shown 1n FIG. 3, the spectral sensitivity
value 1n each wavelength of the wavelength range (half-value
width) that the B pair of photoelectric conversion elements
51W mainly have the spectral sensitivity 1s greater than the
spectral sensitivity value in each corresponding wavelength
of the B pair of photoelectric conversion elements 51N.

Further, the half width 1n the spectral sensitivity character-
istic B2(A\) 1s narrower than the half width in the spectral
sensitivity characteristic B1(A), and 1s located closer to the
shorter wavelength side 1n inner side of the halt width 1n the
spectral sensitivity characteristics B1(A). That 1s, a central
point of the half width of the spectral sensitivity characteristic
B2(A) 1s located closer to_the shorter wavelength side than a
central point of the half width of the spectral sensitivity char-
acteristic B1(A).

Further, the half width 1n the spectral sensitivity character-
istic B1(A) falls within the wavelength range of blue. Further,
a ratio of the peak value to the half width in the spectral
sensitivity characteristic B1(A) 1s greater than a ratio of the
peak value to the half width of the spectral sensitivity char-
acteristic B2(A). Further, the locations of the shorter wave-
length sides of the feet of the mountain-shaped wavetorms 1n
the spectral sensitivity characteristic B1(A) and B2(\) are
substantially matched with each other.

In addition, the half width 1n each of the spectral sensitivity
characteristics B1(A) and B2(A) 1s a value 1n the wavelength
range of the visible light.

Further, *“the feet of the mountain-shaped waveiform”
described above refers to, for example, a wavelength corre-
sponding to one-tenth of peak value 1n a spectral sensitivity
characteristic.

The conditions (1) to (5) can be met by providing the
spectral sensitivity characteristics shown 1 FIG. 3 1n thas
way.

The plurality of vertical charge transier paths 54 are pro-
vided to correspond to the photoelectric conversion element
columns one by one, and transfer a charge read from each
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photoelectric conversion element of the corresponding pho-
toelectric conversion element columns 1n the column direc-
tion Y.

The vertical charge transter units 54 are made up of charge
transier channels 54a formed within a semiconductor sub-
strate, and transfer electrodes V1 to V8 arranged 1n parallel
above the channels 1n the column direction Y. The transfer
clectrodes V1 to V8 are configured to be supplied with drive
pulses from the imaging device driving unit 10 and the verti-
cal charge transier units 54 are driven by the drive pulses.

Charge read-out regions 56 (which are schematically
depicted by an arrow in FIG. 2) are formed between the
charge transier channels 54a and the respective photoelectric
conversion elements of the photoelectric conversion element
columns corresponding to the channels.

The transier electrodes V3 also cover the charge read-out
regions 56 of the photoelectric conversion elements 51W of
odd-number rows counting from an end portion (upper end
portion) of the opposite side of the side at which the horizon-
tal charge transfer unit 52 of the solid-state imaging device 5
1s installed among the first group of photoelectric conversion
elements S1W, and also serve as read-out electrodes for read-
ing charges from these photoelectric conversion elements
S51W.

The transter electrodes V7 also cover the charge read-out
regions 56 of the photoelectric conversion elements S1W of
even-number rows counting from the upper end of the solid-
state imaging device 3 among the first group of photoelectric
conversion elements 51W, and also serve as read-out elec-
trodes for reading charges from these photoelectric conver-
sion elements S1W.

The transier electrodes V3 also cover the charge read-out
regions 56 of the photoelectric conversion elements 52N of
odd-number rows counting from the upper end of the solid-
state imaging device 5 among the second group of photoelec-
tric conversion elements 52N, and also serve as read-out
clectrodes for reading charges from these photoelectric con-
version elements S2N.

The transter electrodes V1 also cover the charge read-out
regions 56 of the photoelectric conversion elements 52N of
even-number rows counting from the upper end of the solid-
state imaging device 3 among the second group of photoelec-
tric conversion elements 52N, and also serve as read-out
clectrodes for reading charges from these photoelectric con-
version elements 52N.

The hornizontal charge transfer unit 32 ftransiers the
charges, which are transierred from the plurality of vertical
charge transfer units 54, 1n the row direction X.

The output unit 53 converts the charges, which are trans-
terred from the horizontal charge transier unit 32, into signals
corresponding to amounts of the charges, and output the
signals.

The photoelectric conversion element 51W 1n a pair has a
wide spectral sensitivity characteristic, of which the half
width 1s wider than that of the corresponding photoelectric
conversion element S1N of the pair. For this reason, a signal
obtained from the first group of photoelectric conversion
clements S1W may be, hereinafter, referred to as wide sig-
nals.

Further, the photoelectric conversion element 51N 1n a pair
has a narrow spectral sensitivity characteristic, of which the
half width 1s narrower than that of the corresponding photo-
clectric conversion element 51 W of the pair. For this reason,
the signals obtained from the second group of photoelectric
conversion elements S1IN may be, hereinafter, referred to as
narrow signals.
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The digital camera configured as described above has a
two-1image taking mode 1n which signals are read-out from all
the photoelectric conversion elements included 1n the solid-
state imaging device 5, one 1image data 1s generated from the
narrow signals and one 1mage data 1s generated from the wide
signals, thereby recording each of the generated image data
separately.

In the two-image taking mode, when the imaging com-
mand 1s 1ssued, the imaging device driving unit 10 exposes
the first group and the second group for the same exposure
time and, after terminating the exposure, outputs the narrow
signals and the wide signals from the solid-state 1maging,
device 3.

The digital signal processing unit 17 processes the narrow
signals to generate one 1mage data (narrow 1mage data) and
processes the wide signals to generate one 1image data (wide
image data). Fach of the generated two 1image data 1s recorded
separately 1n the recording medium 21.

As described above, according to the digital camera, since
the solid-state 1imaging device 5 having the spectral charac-
teristics represented 1n FIG. 3 1s used, 1t 1s possible to obtain
two 1mage data, of which the tones (color reproducibilities)
are different from each other, 1in the two-image taking mode.

In particular, since the solid-state imaging device 5 meets
the condition (5) 1n addition to the conditions (1) to (4), either
of the narrow 1mage data and the wide 1mage data may be an
image data of RGB colors although they have different tones.

An example of the spectral sensitivity characteristic of the
solid-state 1maging device 5 capable of obtaining (satisiying
the conditions (1) to (5)) the effect described above may be
the example as illustrated in FIG. 4. The characteristics as
illustrated in FIG. 4 meets a condition, in addition to the the
conditions (1) to (5), that the locations of feet of the mountain-
shaped wavelorm of the spectral sensitivity characteristics
are almost 1dentical to each other in the spectral sensitivity

characteristics R1(A), G1(A) and B1(A) and the spectral sen-
sitivity characteristics R2(A), G2(A) and B2(A).

According to the example 1llustrated 1n FIG. 4, the condi-
tion that the feet of the mountain-shaped wavetorms of the
spectral sensitivity characteristics are completely separated

from each other in the spectral sensitivity characteristics
R1(A), G1(A) and B1(A) and the spectral sensitivity charac-

teristics R2(A), G2(A) and B2(\) (one 1s completely included
in the other of the mountain-shaped waveforms of the spectral
sensitivity characteristics) 1s satisfied. With satistying the
condition, the narrow 1mage data can be made to be RGB
color-intensified image data as compared to the wide 1image
data. Also 1n the example illustrated 1n FIG. 3, since such
conditions are satisfied in a wavelength range where each
photoelectric conversion element mainly has the spectral sen-
sitivity, 1t 1s possible to obtain the same effect.

According to the spectral sensitivity characteristics 1llus-
trated 1 FIG. 3, the half width of the spectral sensitivity
characteristics G2(A) 1s located closer to the longer wave-
length side 1n inner side of the half width of the spectral
sensitivity characteristics G1(A). Accordingly, for example,
when 1maging a subject (for example, sea or sky) having a lot
of wavelengths adjacent to 480 nm, the photoelectric conver-
sion elements 51N, which are provided with the color filters
(G2 thereabove, do not substantially sensitive to light. Further,
the photoelectric conversion elements 51W, which are pro-
vided with the color filters B1 thereabove, and the photoelec-
tric conversion elements 51N, which are provided with the
color filter B2 thereabove, become sensitive to light at the
same level.

That 1s, even for the same subject, the wide signals contain
more green components than the narrow signals. Therefore,
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when the image data 1s generated from the narrow signals, sea
or sky 1s reproduced with a very dark (vivid) blue having a
small amount of green component, and when the image data
1s generated from the wide signals, sea or sky 1s reproduced
with a natural blue having a large amount of green compo-
nent. As described above, the vivid image and the natural
image can be obtained with a single imaging.

Further, 1n addition to satisfying the conditions (1) to (5), a
characteristic, in which the mountain-shaped wavetorm of
the spectral characteristic G2(A) 1llustrated in FIG. 3 1s slid to
the shorter wavelength side so that the peak sensitivity of the
spectral sensitivity characteristic G2(A) 1s brought to a point
of , for example, 500 nm (a characteristic in which the half
width of the spectral sensitivity characteristic G2(A) 1s
located closer to the shorter wavelength side 1n 1nner side of
the halt width of the spectral sensitivity characteristics G1(A))
may be adopted.

With such a configuration, for example, when a subject (for
example, evenming glow) having a lot of wavelengths adjacent
to 580 nm 1s 1maged, the evening glow 1s reproduced with a
very dark red having a small amount of green component
when the image data 1s generated from the narrow signals, and
the evening glow 1s reproduced with a natural red having a
large amount of green component when the image data 1s
generated from the wide signals.

Therefore, as illustrated 1n FIG. 3, 1n order to obtain an
image data having a different reproducibility, 1t 1s desirable to
make the solid-state imaging device 5, 1n addition to satisiy-
ing the conditions (1) to (5), have a spectral sensitivity char-
acteristic in which the half width of the spectral sensitivity
characteristic G2(A) 1s located closer to either the shorter
wavelength side or the longer wavelength side 1n the inner
side of the the half width of the spectral sensitivity character-
1stic G1(A).

Further, 1n FIG. 3, 1n addition to satisiying the conditions
(1) to (5), the half width of the spectral sensitivity character-
1stic B2(A) may be located closer to the longer wavelength
side 1n the inner side of the half width of the spectral sensi-
tivity characteristic B1(A), or a central point of the half width
ol the spectral sensitivity characteristic B2(A) may be located
at the same position of a central point of the half width 1n the
spectral sensitivity characteristic B1(A).

Further, 1n FIG. 3, 1n addition to the conditions (1) to (5),
the half width of the spectral sensitivity characteristic R2(A)
may be located closer to the longer wavelength side 1n the
inner side of the halt width of the spectral sensitivity charac-
teristic R1(A), or the central point of the half width of the
spectral sensitivity characteristic R2(A) may be located at the
same position of a central point of the hallf width of the
spectral sensitivity characteristic R1(A).

As 1llustrated 1n FIG. 3, the hallf width of the spectral
sensitivity characteristic B2(A) may be located closer to the
shorter wavelength side 1n the 1nner side of the half width of
the spectral sensitivity characteristic B1(A), the image data
generated from the narrow signal 1s reproduced as a RGB
color-intensified 1image data. Due to this, the difference 1n
tone may be more distinctively represented.

In FIG. 3, when 1t 1s configured such that the half width of
the spectral sensitivity characteristic R2(A) may be located
closer to the longer wavelength side 1in the mner side of the
half width of the spectral sensitivity characteristic R1(A), the
image data generated from the narrow signals 1s reproduced
as a RGB color-intensified image data. Due to this, the dii-
ference 1n tone may be more distinctively represented.

In the solid-state imaging device 3, since the photoelectric
conversion elements SIN of the second group are arranged
adjacent to the photoelectric conversion element S1W of the

10

15

20

25

30

35

40

45

50

55

60

65

12

first group 1n the same position relationship, 1t 1s possible to
minimize a positional difference of the subject between an
image data generated from the signals that can be obtained
from the first group and an 1mage data generated from the
signals that can be obtained from the second.

That 1s, 1t 15 possible to obtain two 1mage data each having
a different color reproducibility 1n a single imaging without
changing the resolution or location of the subject.

In particular, according to the digital camera using the
solid-state 1maging device 5 satistying the conditions (1) to
(3), for example, when a person 1s photographed, an 1mage
which reproduces the skin of the person naturally can be
obtained with the wide image data having a high sensitivity
and a low chroma. In the meantime, when a lake or forest 1s
photographed, an image reproduced with vivid colors having
a noticeable blue and green can be obtained with the wide
image data having a slightly decreased sensitivity but corre-
spondingly having an amount of chroma increased by a
decreased amount of sensitivity. Like this, 1t 1s possible not
only to record a preferable 1mage in accordance with a scene
but also to perform a two-image taking mode. Due to this, 1t 1s
particularly useful for photographing a scene including sub-
jects with different chromas, for example when photograph-
ing a person with a landscape, such as lake or green forest, for
background.

As a method for differentiating spectral sensitivity charac-
teristics 1n the photoelectric conversion elements 51W and
the photoelectric conversion elements S1N, which form pairs,
the following method may be employed.

That 1s, the spectral sensitivity characteristics of each of the
color filters R1 and each of the color filters R2 are made to be
equal to each other, the spectral sensitivity characteristics of
cach of the color filters G1 and each of the color filters G1 are
made to be equal to each other, and the spectral sensitivity
characteristics of each of the color filters B1 and each of the
color filters B2 are made to be equal to each other. And, the
structures of the photoelectric conversion elements 51W and

the photoelectric conversion elements 51N of the pairs are
made to be different from each other to differentiate the
spectral sensitivity characteristics of the the photoelectric
conversion elements 51W and the photoelectric conversion
clements S1IN.

For example, there 1s a method of changing, among the
photoelectric conversion elements S1W, 51N that form a patr,
the depth of a pn junction face of a photodiode of the photo-
clectric conversion elements 31W and that of a pn junction
face of the photoelectric conversion element S1N.

The solid-state imaging device 5 1s not limited to a CCD
type solid-state 1maging device, but may be a MOS type
solid-state 1imaging device.

FIG. 5 1s a schematic plan view illustrating a configuration
example when the solid-state imaging device 3 1llustrated 1n
FIG. 1 1s configured as a MOS type solid-state 1imaging
device. In the solid-state imaging device 5' illustrated 1n FIG.
5, the array of the photoelectric conversion elements SIN and
the photoelectric conversion elements 51W 1s the same as that
illustrated in FIG. 2.

A MOS circuit, which 1s not 1llustrated, 1s provided corre-
spondingly in the vicimity of each of all the photoelectric
conversion e¢lements included 1n the solid-state 1maging
device §'. The MOS circuit 1s implemented with, for example,
a well-known 3 transistor configuration.

The solid-state 1maging device 5' includes a CDS circuit
535W, a transistor 36 W, an H decoder 57W, a signal output line
58W, a wire 59 (a portion of which 1s illustrated), aV decoder
60W, and awire 61 W (aportion of which 1s 1llustrated), which
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are 1stalled to correspond to the first group of the photoelec-
tric conversion elements 51W.

The wire 61W 1s connected to the MOS circuits corre-
sponding to a row of W photoelectric conversion elements
constituted with a plurality of the photoelectric conversion

clements S1W arranged 1n parallel 1n the row direction X, 1n
which the wire 61W 1s connected to the V decoder 60W.

The V decoder 60W selects each of the rows of the W
photoelectric conversion elements one by one, and performs
a driving to read out signals to the wire 539W from the MOS
circuits corresponding to the selected row of the photoelectric
conversion elements.

The CDS circuit 55W 1s installed to correspond to a column
of the W photoelectric conversion elements constituted with a
plurality of the photoelectric conversion elements 51W
arranged 1n parallel 1n a column direction Y, and are con-
nected to the MOS circuits of the corresponding W photo-
clectric conversion elements’ column through the wire S9W.
The CDS circuit 55W performs a correlated double sampling
of the mput signal.

The Hdecoder 57W 1s connected to each of the CDS circuit
53W through the transistor 56 W and turns ON the transistor
56 W sequentially to output signals, after being processed 1n
the CDS circuit 55W, to the signal output line S8W.

The solid-state imaging device §' further includes a CDS
circuit 55N, a transistor 56N, an H decoder 57N, a signal
output line 58N, a wire S9N (a portion of which 1s 1llustrated),
a V decoder 60N, and a wire 61N (a portion of which 1s
illustrated), which are installed to correspond to the second
group of the photoelectric conversion elements 51N.

The wire 61N 1s connected to the respective MOS circuits
corresponding to a row of N photoelectric conversion ele-
ments constituted with a plurality of the photoelectric con-
version elements S1N arranged 1n parallel 1n a row direction
X, 1n which the wire 61N 1s connected to the V decoder 60N.

The V decoder 60N selects each of the rows of the N
photoelectric conversion elements one by one, and performs
a driving to read out signals to the wire 59N from the MOS
circuit corresponding to the selected row of the photoelectric
conversion elements.

The CDS circuit 55N 1s installed to correspond to a column
ol the N photoelectric conversion elements constituted with a
plurality of the photoelectric conversion eclements S1IN
arranged 1n parallel in a column direction Y, and 1s connected
to the MOSs circuit of the corresponding N photoelectric
conversion elements column through the wire 39N. The CDS
circuit 53N performs a correlated double sampling of the
input signal.

The H decoder 57N 1s connected to the CDS circuit 35N
through the transistor 56N and turns ON the transistor 36N
sequentially to output signals, after being processed 1n the
CDS circuit 35N, to the signal output line 58N.

With adopting such a configuration, signals can be read out
in parallel and concurrently in the first group and the second
group.

In addition, herein, 1n the first group and the second group,
the V decoder and the H decoder are separately provided, but
the decoders may be formed as one decoder to form a general
MOS sensor configuration.

The arrays of the respective photoelectric conversion ele-
ments S1W and 51N of the solid-state imaging devices 5', 5
illustrated 1n FIGS. 2 and 4 may be the same as those 1llus-
trated in FIGS. 6 and 7.

FIG. 6 1s a view illustrating a modified example of the
solid-state 1imaging device 1llustrated 1n FI1G. 2. In the solid-
state imaging device of the modified example, the plurality of
the photoelectric conversion elements are arranged in a
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square lattice shape and odd number columns are formed as
the photoelectric conversion elements 31 W and even number
columns are formed as the photoelectric conversion elements
51N.

FIG. 7 1s a view 1llustrating another modified example of
the solid-state imaging device illustrated in FIG. 2. The solid-
state 1maging device of the modified example 1s configured,
such that the plurality of the photoelectric conversion ele-
ments are arranged 1n a square lattice shape and the photo-
clectric conversion elements 31W are arranged at positions of
a checkered pattern and the photoelectric conversion ele-
ments 51N are arranged at positions of another checkered
pattern.

Also, 1n the arrangements as illustrated in FIGS. 6 and 7, 1t
1s possible to differentiate the color reproducibilities 1n an
image data that can be obtained from the first group and an
image data that can be obtained from the second group.

In addition, 1n the description up to now, the solid-state
imaging device 5 has three types of pairs and detects three
primary colors of RGB with these three types of pairs, but 1s
not limited thereto. For example, 1t may be configured such
that complementary colors of cyan, magenta and yellow are
detected with the three types of pairs. Further, the types of the
pairs are not limited to the three types, and 11 there are at least
two types of pairs, color imaging can be performed.

In the solid-state imaging devices illustrated 1n FIGS. 2 and
4, a control of changing the exposure time 1n the first group
and the second group may be performed. For example, 1t 1s
possible to achieve an expansion of dynamic range and the
improvement ol color reproducibility by combining two
image data that can be obtained with changing the exposure
time 1n the first group and the second group.

As having been described above, the following matters are
disclosed 1n the present specification.

A disclosed solid-state 1maging device 1s a solid-state
imaging device having a plurality of pairs of a first photoelec-
tric conversion element and a second photoelectric conver-
sion element, which have different spectral sensitivity char-
acteristics, wherein a wavelength range where the first
photoelectric conversion element of each pair mainly has the
spectral sensitivity and a wavelength range where second
photoelectric conversion element of each pair mainly has the
spectral sensitivity fall within the respective wavelength
ranges of specific colors of visible light, the plurality of pairs
include a plurality of types of pairs having different specific
colors of visible light, the half width 1n the spectral sensitivity
characteristic of the first photoelectric conversion element of
the each pair 1s wider than a half width 1n the spectral sensi-
tivity characteristic of the second photoelectric conversion
clement of the each corresponding pair, the spectral sensitiv-
ity of the first photoelectric conversion element of the each
pair at each wavelength 1n the wavelength range where the
first photoelectric conversion element of each pair mainly has
spectral sensitivity 1s higher than the spectral sensitivity at
cach corresponding wavelength of the second photoelectric
conversion element of the each corresponding pair, and (the
half width 1n the spectral sensitivity characteristic of the first
photoelectric conversion element of the each pair/the peak
sensitivity of the spectral sensitivity of the first photoelectric
conversion element of the each corresponding pair) 1s higher
than (the half width 1n the spectral sensitivity characteristic of
the second photoelectric conversion element of the each cor-
responding pair/the peak sensitivity of the spectral sensitivity
of the second photoelectric conversion element of the each
corresponding pair).

In the disclosed solid-state imaging device, the plurality of
the pairs include three types of pairs formed with a blue parr,
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of which the specific color 1s blue, a green pair, of which the
specific color 1s green, and a red pair, of which the specific
color 1s red, and the haltf width 1n the spectral sensitivity
characteristic of the second photoelectric conversion element
of the green pair 1s located 1n the 1nside of the half width in the
spectral sensitivity characteristic of the {first photoelectric
conversion element of the green pair and a center point of the
haltf width 1n the spectral sensitivity characteristic of the
second photoelectric conversion element of the green pair 1s
located closer to the longer wavelength side than a center
point of the half width in the spectral sensitivity characteristic
ol the first photoelectric conversion element of the green pair.
In the disclosed solid-state imaging device, the plurality of
the pairs include three types of pairs formed with a blue parr,
of which the specific color 1s blue, a green pair, of which the
specific color 1s green, and a red pair, of which the specific
color 1s red, and the haltf width 1n the spectral sensitivity
characteristic of the second photoelectric conversion element
of the green pair 1s located 1n the 1nside of the half width in the
spectral sensitivity characteristic of the first photoelectric
conversion element of the green pair and a center point of the
half width 1n the spectral sensitivity characteristic of the
second photoelectric conversion element of the green pair 1s
located closer to the shorter wavelength side than a center
point of the half width 1n the spectral sensitivity characteristic
ol the first photoelectric conversion element of the green pair.
In the disclosed solid-state imaging device, the plurality of
the pairs include three types of pairs formed with a blue patr,
of which the specific color 1s blue, a green pair, of which the
specific color 1s green, and a red pair of which the specific
color 1s red, and the haltf width 1n the spectral sensitivity
characteristic of the second photoelectric conversion element
of the blue pair 1s located in the inside of the half width 1n the
spectral sensitivity characteristic of the first photoelectric
conversion element of the blue pair and a center point of the
half width 1n the spectral sensitivity characteristic of the
second photoelectric conversion element of the blue pair 1s
located closer to the shorter wavelength side than a center
point of the half width 1n the spectral sensitivity characteristic
ol the first photoelectric conversion element of the blue pair.
In the disclosed solid-state imaging device, the plurality of
the pairs include three types of pairs formed with a blue patr,
of which the specific color 1s blue, a green pair, of which the
specific color 1s green, and a red pair, of which the specific
color 1s red, and the haltf width 1n the spectral sensitivity
characteristic of the second photoelectric conversion element
of the red pair 1s located 1n the 1nside of the half width 1n the
spectral sensitivity characteristic of the first photoelectric
conversion element of the red pair and a center point of the
half width 1n the spectral sensitivity characteristic of the
second photoelectric conversion element of the red pair 1s
located closer to the longer wavelength side than a center
point of the half width 1n the spectral sensitivity characteristic
ol the first photoelectric conversion element of the red pair.
In the disclosed solid-state imaging device, the solid-state
imaging device further includes color filters, which are pro-
vided thereabove the first photoelectric conversion elements
and the second photoelectric conversion elements, respec-
tively, and a difference in spectral sensitivity characteristic
between the first and second photoelectric conversion ele-
ments ol each pair 1s obtained according to a difference in
spectral sensitivity characteristic between the respective
color filters provided above the first and second photoelectric
conversion elements.
Inthe disclosed solid-state imaging device, the thickness of
the color filters provided above the first photoelectric conver-
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sion devices 1s approximately the same as that of the color
filters provided above the second photoelectric conversion
devices.

In the disclosed solid-state imaging device, each of the first
photoelectric conversion elements and each of the second
photoelectric conversion elements are disposed such that a
plurality of first photoelectric conversion element columns, in
which the first photoelectric conversion eclements are
arranged 1n parallel 1n a column direction, and a plurality of
second photoelectric conversion element columns, 1n which
the second photoelectric conversion elements are arranged in
parallel 1n the column direction, are alternately arranged in
parallel 1n a row direction intersecting the column direction,
the second photoelectric conversion element columns are
arranged to be ofiset with respect to the first photoelectric
conversion element columns 1n the column direction by a half
of an array pitch 1n the column direction of the respective first
photoelectric conversion elements and the second photoelec-
tric conversion elements, and each of the first photoelectric
conversion elements and the second photoelectric conversion
clement adjacent to the first photoelectric conversion element
in the same positional relationship form each pair.

In the disclosed solid-state 1maging device, all the first
photoelectric conversion elements and the second photoelec-
tric conversion elements included 1n the solid-state imaging
device have approximately the same configuration.

The disclosed solid-state imaging device 1s equipped with
the solid-state 1maging devices.

INDUSTRIAL APPLICABILITY

According to the present invention, 1t 1s possible to provide
a solid state imaging device capable of obtaining two types of
the color images of which the colors are not unnatural and of
which the tones are different from each other, and the imaging
apparatus equipped with the solid state imaging device.

While the present invention has been described in detail or
with reference to specific embodiments, it 1s apparent from
those skilled 1n the art that various modifications or correc-
tions can be made without departing from a spirit and scope of
the present invention. This application claims priority to and
the benefits of Japanese Patent Application No. 2010-97368
filed on Apr. 20, 2010, the disclosure of which 1s incorporated
herein by reference.

DESCRIPTION OF REFERENCE NUMERALS

5 solid-state imaging device
10 1maging device driving unit
51W, 51N photoelectric conversion element

The mvention claimed 1s:

1. A solid-state imaging device comprising:

a plurality of pairs of a first photoelectric conversion ele-
ment and a second photoelectric conversion element
which have different spectral sensitivity characteristics,

wherein a wavelength range where the first photoelectric
conversion element of each pair mainly has a spectral
sensitivity and a wavelength range where the second
photoelectric conversion element of each pair mainly
has a spectral sensitivity respectively fall within a wave-
length ranges of specific colors of visible light,

the plurality of pairs include a plurality of types of pairs
having different specific colors of visible light,

the haltf width 1n the spectral sensitivity characteristic of the
first photoelectric conversion element of the each pair 1s
wider than a half width 1n the spectral sensitivity char-
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acteristic of the second photoelectric conversion ele-
ment of the each corresponding pair,

the spectral sensitivity of the first photoelectric conversion

clement of the each pair at each wavelength 1n the wave-
length range where the first photoelectric conversion >
clement of each pair mainly has spectral sensitivity 1s
higher than the spectral sensitivity at each correspond-
ing wavelength of the second photoelectric conversion
clement of the each corresponding pair, and

a ratio of a peak value of the spectral sensitivity of the first

photoelectric conversion element of the each pair to the
half width in the spectral sensitivity characteristic of the
first photoelectric conversion element of the each corre-
sponding pair 1s higher than a ratio of a peak value of the
spectral sensitivity of the second photoelectric conver-
sion element of the each pair to the half width 1n the
spectral sensitivity characteristic of the second photo-
clectric conversion element of the each corresponding
pair.

2. A solid-state 1maging device according to claim 1,
wherein the plurality of the pairs include three types of pairs
formed with a blue pair of which the specific color 1s blue, a
green pair of which the specific color 1s green, and a red pair
of which the specific color 1s red, and the half width 1n the
spectral sensitivity characteristic of the second photoelectric
conversion element of the green pair 1s located in the inside of
the half width 1n the spectral sensitivity characteristic of the
first photoelectric conversion element of the green pair and a
center point of the half width 1n the spectral sensitivity char-
acteristic of the second photoelectric conversion element of
the green pair 1s located closer to the longer wavelength side
than a center point of the half width 1n the spectral sensitivity
characteristic of the first photoelectric conversion element of
the green pair.

3. A solid-state 1maging device according to claim 1,
wherein the plurality of the pairs include three types of pairs
formed with a blue pair of which the specific color 1s blue, a
green pair of which the specific color 1s green, and a red pair
of which the specific color 1s red, and the half width 1n the
spectral sensitivity characteristic of the second photoelectric
conversion element of the green pair 1s located in the inside of
the half width 1n the spectral sensitivity characteristic of the
first photoelectric conversion element of the green pair and a
center point of the half width 1n the spectral sensitivity char-
acteristic of the second photoelectric conversion element of 4>
the green pair 1s located closer to the shorter wavelength side
than a center point of the half width 1n the spectral sensitivity
characteristic of the first photoelectric conversion element of
the green pair.

4. A solid-state 1maging device according to claim 1,
wherein the plurality of the pairs include three types of pairs
tformed with a blue pair of which the specific color is blue, a
green pair of which the specific color 1s green, and a red pair
of which the specific color 1s red, and the half width 1n the
spectral sensitivity characteristic of the second photoelectric
conversion element of the blue pair 1s located in the inside of
the half width 1n the spectral sensitivity characteristic of the
first photoelectric conversion element of the blue pair and a
center point of the half width 1n the spectral sensitivity char-
acteristic of the second photoelectric conversion element of 6©
the blue pair 1s located closer to the shorter wavelength side
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than a center point of the half width 1n the spectral sensitivity
characteristic of the first photoelectric conversion element of
the blue pair.

5. A solid-state 1maging device according to claim 1,
wherein the plurality of the pairs include three types of pairs
formed with a blue pair of which the specific color 1s blue, a
green pair of which the specific color 1s green, and a red pair
of which the specific color 1s red, and the half width 1n the
spectral sensitivity characteristic of the second photoelectric
conversion element of the red pair 1s located in the inside of
the half width 1n the spectral sensitivity characteristic of the
first photoelectric conversion element of the red pair and a
center point of the half width 1n the spectral sensitivity char-
acteristic of the second photoelectric conversion element of
the red pair 1s located closer to the longer wavelength side
than a center point of the half width 1n the spectral sensitivity
characteristic of the first photoelectric conversion element of
the red pair.

6. A solid-state imaging device according to claim 1, fur-
ther comprising color filters which are provided above the
first photoelectric conversion elements and the second pho-
toelectric conversion elements, respectively,

wherein a difference 1n spectral sensitivity characteristics

between the first and second photoelectric conversion
clements of each pair 1s obtained according to a differ-
ence 1n spectral sensitivity characteristics between the
respective color filters provided above the first and sec-
ond photoelectric conversion elements.

7. A solid-state 1maging device according to claim 6,
wherein the thickness of the color filters provided above the
first photoelectric conversion devices 1s approximately the
same as that of the color filter provided above the second
photoelectric conversion devices.

8. A solid-state 1imaging device according to claim 1,
wherein each of the first photoelectric conversion elements
and each of the second photoelectric conversion elements are
disposed such that a plurality of first photoelectric conversion
clement columns 1n which the first photoelectric conversion
clements are arranged 1n parallel 1n a column direction and a
plurality of second photoelectric conversion element col-
umuns 1n which the second photoelectric conversion elements
are arranged 1n parallel 1n the column direction are alternately
arranged 1n parallel in a row direction intersecting the column
direction, the second photoelectric conversion element col-
umns are arranged to be offset with respect to the first pho-
toelectric conversion element columns 1n the column direc-
tion by a half of an array pitch in the column direction of the
respective first photoelectric conversion elements and the
second photoelectric conversion elements, and each of the
first photoelectric conversion elements and the second pho-
toelectric conversion element adjacent to the first photoelec-
tric conversion elements in the same positional relationship
form each pair.

9. A solid-state 1maging device according to claim 1,
wherein all the first photoelectric conversion elements and the
second photoelectric conversion elements included in the
solid-state imaging device have approximately the same con-
figuration.

10. An 1imaging apparatus comprising the solid-state imag-
ing device according to claim 1.
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